15 F E B 2006 METHOD OF VACUUM PACKAG NG A SEM CONDUCTOR DEVI CE  ASSEMBLY
FIsELD OF THE | NVENTI ON The present invention relates generally to nethods
of electronic packaging technol ogy, and specifically to a vacuumtype of
el ectroni c packaging technology. used with air gap interconnect 45 FEB 2006
sem conductor chips. 15 FEB 2006 BACKGROUND OF THE | NVENTI ON Modern
integrated circuit sem conductor devices are conplex three- dinensional
.structures with netallized conductor lines, such as interconnects,
separated or insulated by interlayer dielectrics. Inorganic materials, such
as silicon dioxides (SiO2) and silicon nitride (Si3N4), are conventionally
used as these interlayer dielectrics. Recently, the photo-definable
‘derivatives of certain polyneric .materials, such as polyim des,

si li cone-pol yi mi des, and benzocycl obut enés, have beconme w dely used as
interlayer dielectrics because they tend to have |ower dielectric constants
(k) conmpared to inorganic interlayer dielectrics. Alower-k interlayer
dielectric reduces the signal propagation delays and enhances the system
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performance. For exanple silicon dioxide has a dielectric constant of about
4,while  Teflon(r) is a naterial that has one of the |ower dielectric
constants, i.e. about 2.0 (Air has a dielectric constant of 1). HbBeRES 2006
Teflon(r) has certain characteristics and process issues that nust be
addressed before it can be widely used The major functions of electronic
packagi ng are to: a) support and protect the chip fromhostile

envi ronnments; b) di stBi bute the signals onto and off of the silicon chip;
c) provide a path formwmmw povvers the circuits on

the chip; and d) renove the heat generated by the CI rcuits. 15 FEB 2006

Back end-of-1lin %I?E treS| tance ca %ﬁance i s becaom ng

i ncr easi ngly ing\g AR IFeEraie r%chrSﬁ g L&f?fn@%‘@}?%ﬁr&?ommgf }hﬁﬁﬁere an
integrated .ci rcw t (10 contai ns over 10 mllion sem conductor devices,
and t h@ignspsional t%ﬁ@*ctkﬂ@éu‘gﬁ rigeel éﬁ?&ré%ﬁéféob lipss nsughdas ielieremnettss.  Pat ent
No. 5,866,442 to Brand et al. describes a sem conductor device assenbly
Wi th asePeratedRairstted byiinteriayear dielestries: Inqrgania maibselsaswrht as sidefri ne a gap

to be filled by a fill material. The substrate has thermal vias forned
t her ei foatFsalft@?) ane sslierirc oitdidet Gi3Ne)i e toncotnmetlgdutal thehsshst rat e
and the fill material is positioned about the gap to forma seal, a vacuum

i s dr awrertdyeodgfectdis. thermal vias and a pressure is applied to the fill
material to urge the fill materi al
Recently, the photo-definable derivatiyes of certain polymeric
-materials, such as polyimides, silicone-polyimides, and benzocyclobutenes, have
become widely used as interlayer dielectrics because they tend to have lower
dielectric constants (k) compared to inorganic interlayer dielectrics. A iower-k
interlayer dielectric reduces the signal propagation delays and enhances the systefn

- performance. For example silicon dioxide has a dielectric constant of about 4, while
Teflon® is a material that has one of the lower dielectric constants, i.e. aboﬁt 2.0

(Air has a dielectric constant of 1). However Teflon® has certain characteristics and

process issues that must be addressed before it can be Widely used.

The major functions of elecironic packaging are to: a) support and
protect the chip from hostile environments; b) distribute the signals onto and off of
the silicon chip; c) provide a path for the 'electrical_ current that powers the circuits

on the chip; and d) remove the heat generated by the circuits.



into the interior of the gap. U S. Patent No. 5,766,987 to Mtchell et al.
de'scri bes nethods and equi pnent whereby nicroel ectronic assenblies such as
sem conductor chip assenblies are encapsul ated. Covering |ayers H@FeRI2§6
protect 'both the termnals carried by a dielectric layer and the bottom
surface of the sem conductor chips in each assenbly, but also confine a

| i qui d encapsul ant and prevents contam nation of the termnals and the

chip bottom surfaces. The liqui ncapsul ant and the assenblies are pl aced
into a tilting fﬁ%f’%‘;o ﬂ@ew&q%ﬁ%‘?@s%@%ﬁam@/é@ﬁéti@d%ecaﬁdngt he
encapsul ant is then.. pour ed onto the assenblies while naintaining the

©fi xt ur CTRATIRELY VERGERNE Theltid large-acdle intagratione@Hi) wbdralemiinggeateé of t he
encapsulant. 1 5 F E B 2006 U.S. Patent No. 5,401,687 to Cole et al.

descr i basuii (Kt ¢padaing ovep @ seilliom gemiroaiductor| diyécest and tthne veeranthi nt egr at ed
circuit chip used in an overlay process. A patternable protective |ayer is
appl i edetign refecipandachbs @25 pngarid ¢malperevent  def ormati on duri ng subsequent
processing. A polynmeric filmlayer is applied over the chip and protective
| ayer and interconnections are fabricated through the polyneric film

| ayer. The polyneric filmlayer is renoved fromthe area over the air

bri dge structur dJ&ndatene Nu. & 86144260l Biyal diSall AR ribRERVRENl-8AN LAY,
the.resultant structure with an undamaged air bridge free of residue.

device assembly with a semicondu;tor device spaced apart from a substrate to
define a gap to be filled by a fill material. The substrate has thermal vias formed
therein and after the semiconductor device is connected to the substrate and the fill
material is positioned about the gap to form a seal, a vacuum is drawn through the
thermal vias and a pressure is applied to the fill material to urge the fill material

into the interior of the gap.

1.5, _Patent No. 5,766,987 to Mitchell et al. describes methods and
equipment whereby microelectronic assemblies such as semiconductor chip
assemblies are encapsulated. Covering layers not only protect both the terminals
carried by a dieléctric layer and the bottom surface of the semiconductor chipslin
each assembly, but also confine a liquid encapsulant and prevents contamination of
the terminals apd the chip bottom surfaces. The quui_d encapsularﬁ: and the

* assemblies are placed into a tilting fixture, the fixture is closed and evacuated, and
the encapsulan't is them: poured on:to the assembliés while maintaining the fixture

" under vacuum. The fixture is then pressurized during cure of the enéapsulant.




U S Patent No. 5,798,557 to Salatino et al.. and U. S. Patent No.
5,915,168 to Salatino et al. (a'divisional of the Salatino 5,798, 557
Patent), describe a packaged integrated circuit (1C and nethod oi ggé%aﬁ .
same, respectively, where the ICis a wafer level hernetically pa R B
that has a protective cover wafer bonded to a sem conductor device
substrate wafer. The substrate wafer may contain a cavity. The cover wafer

- seals integrated circuits and other devices such as air bridge structures,
resonant beans, surface acoustic wave (SAW devices, trinmmable resistors

and m cromachin i orfred qgn .the surface of cavities

formed in the p??)’?é?ﬁlg@etd@\évg’?@vﬁ%r ?O gggg e&r%l sdgﬁg:lj%"?se& PStaeidPEt e t he
roces 006 SUMVARY OF THE | NVENTI ON Accordjngly, it is an
o f’%?sé’i"rj%“egs ah gt g""‘&)%en%? ‘%W?B%O? g1 priseraed gircuik oML TR eNFpaxevi ce

obj ect present
- package_havi vacyum wi t hin i nterconnect voids in the sem conductor
Chip dBVCES PSS PHestedrKeiin SR PL Ren b BiF b P TBte Vo Rteveret al

corrosi%n. Anot her, obj ect of the present invention is to provide a | ow cost
packagffgTTaRamsHsgs PareBhRIRFESSIRGieA PiobiTaetie fibm Rayeal ineppbed odece t he

the chip and protective layer and interconnections are fabricated through the
- polymeric film layer. The polymeric film layer is removed from the area over the air
bridge structure and the protective layer is then removed leaving the resultant

structure with an undamaged air bridge free of residue.

U.S. Patent No. 5,798,557 to Salatino et al. and U.S. Patent No.
5,915,168 to Salatino et al. (a'divisional of the Salatino 5,798,557 Patent), describe a
packaged integrated circuit (IC) and method of making same, respectively, where
the IC is a wafer level hermetically p.ackaged IC that has a protective cover wafer -
bonded to a semiconductor device substrate wafer. The substrate wafer may
contain a cavity. The cover wafer seals integrated circuits and other devices such as
air bridge structures, resonant beams, surface acoustic wave (SAW) devices,
trimmable resistors and micromachines. Some devices_aré_formed on the sﬁrféce of
cavities formed in the pro%gctive cover wafer. Diés are sepa’rate‘dr to coiﬁplete the

process.




i nterconnective RC delay and prevent netal corrosion. Yet another object of
the present invention is to provide a method of forning a packaged
sem conduct or .assenbly by drawing a vacuumon an entire air gap |
sem conduct or device to forma vacuumwithin the voids separating tHh&EB 2008
i nterconnects. A further object of the present invention is to provide a
sem conductor chip device package having a vacuum w t hin i nterconnect
voids in the sem condu Cﬁ_e.}t [ the interlevel dielectric
constant to reduce the SURIMEIY qh;ﬁﬂgiﬁ§§% and enhance the system
performance. 5 1 5 F E B 2006 A still further object of the present
invention is to AFRYARGIR 8L Qﬂdol%?tf é’pfﬂecg}ésgﬂt iR QARKR e?y@t@? CondUCt or

u

chi p device, conprising the steps provi ti ng a semcon Substrat e;

formn Jidals] iBradded S or substr formng a
di el ecﬁnﬁrzemllayegpgﬁlgrd sai & se %%%‘Z‘h to‘(r? s& tra thBCrorlﬁnﬁ‘@ ‘éﬁ’ld? dhst one
| ayer i conduct or e and within said

yer of. de &frﬁﬂfmﬁ 9\49{@ 3.4 uce% ncelgﬁngtfctlsvgl%f d% lay, HBhREEVERt ar o

dielectric l[ayer so at at | eas por

S e.par ah gl Qé’rrggblqs '

Another object of the present invention is to provide a low cost
packaging technology which changes the dielectric k-value to reduce the

interconnective RC delay and prevent metal corrosion.

Yet another object of the present invention is to provide a method of
forming a packaged semiconductor assembly by drawing a vacuum on an entire air
gap semiconductor device to form a vacuum within the voids separating the

interconnects.

A turther object of the present invention is to provide a semiconductor
. chip device package having a vacuum within interconnect voids.in the
semiconductor chip device to lower the interlevel dielectric constant to reduce the

signal propagation delays and enhance the system performance:



form ng a passivation |ayer over the uppernost of said at | east one |ayer
of interconnects to forma sem conductor chip; wherein said passivation

| ayer has openings therein communicating with said voids between saig %&J p
i nterconnects; affixing said sem conductor chip to a support strddi GEB 2

wi thin an encl osed package frane having gases therein; wthdraw ng said
gases from said encl osed package frane creating a vacuumw thin said voids
of said chip interconnects; and sealing said enclosed package frane to

create a, sepicondugt.or i p device ackage whi| e maintaini sai d vacuum
G thi o RGO cd b msen S e B Vi eyt AR e )t hi

sai d sem conductor chip device package and is electrically connected to
| ead fr aaparkegedsamiognduaton dup devisendopaprikicg the st¢pspidevi ce package. O her
objects will appear hereinafter. 5A 15 FEB 2006 It has now been di scovered

that the aboygowidchgdd fehiceRi@abssudkirhfde Ppresent invention may be
acconplished in the fol |l owing manner. Specifically, a sem conductor chip

Cet e o R P e RS DL SRR BB D™ W et one

forming a dielectric layer over said semiconductor substrate;

forming at least one layer of interconnects over said semiconductor devices
and within said dielectric layer so that at least a portion of said interconnects are
separated by voids;

forming a passivation layer over the uppermost of said at least one layer of
interconnects to form a semiconductor chip; wherein said passivation layer has
openings therein communicating with said voids between said chip interconnects;

affixing said semiconductor chip to a support struc‘rure. within an enclosed
package frame having gases therein;

withdrawing said gases from said enclosed package frame creating a
vacuum within said voids of said chip interconnects; and

sealing said enclosed package frame to create a semiconductor chip device
package while maintaining said vacuum within said voids;
wherein said semiconductor chip is vacuum sealed within said semiconductor chip
device package and is electrically connected to lead ﬁames extending from said

semiconductor chip device package.

Other objects will appear hereinafter.

SA



dielectric layer is over the sem conductor substrate. At |east one |ayer of
i nterconnects is over the sem conductor devices and wthin the at |east one
~respective dielectric layer with at |east a portion of the interconnects

bei ng separated by voids having a vacuumor air therein. A passiviti 6RB 2006
| ayer is over the wuppernost of the at |east one |ayer of interconnects.
Wherein the sem conductor chip device is vacuum sealed within a

sem conduct or chj i a EB ,2006 | EF SCRI PTI.ON OF THE
DRAW NGS The fegt gﬁggggﬁge%dgg%?‘geég% Jf%% %ﬁ&@%&%ﬁﬁ#%ﬂﬁ%o theackaged

sem co o I cording.tao the present inventign will be nore
cl ear Ié&%gﬁ%]t é%ﬁ%@%a}r/yoﬁqgtaﬁ%or?gﬁf%@%i ngﬁe Vot d]ﬁarf%ﬁEegpif%ﬁ%er@ncti on
with the. ac dr awi n n which ref erence nuneral s designate

L o e s raninge & %%gé c 1%%2 s £ ST
similar oro o CoreSpendfige 1% $ Coprs fdSpBiPrgHstoarfdtisratehi ch: Fi g.

1 schematically illustrates jn cross-sectional representation a preferred
enbodi HENTS B?m%éﬂ&dﬂ?fsgéﬁ‘t’m?#?éﬁﬂim thesgmicpngduriomatibetaateyAt ldastsereaat es i n
_cross;)%ef?t&i ona}I representation a sanple air gap structure of a

seni cHHAIFEHdT BERA &b OVRAVINSgSHKrndaRs caMstratat drtcbabatre, laysedofi th t he

met hod of the present invention. .
‘ interconnects is over the semiconductor devices and within the at least one

. respective dielectric layer with at least a portion of the interconnects being
separated by voids having a vacuum or air therein. A passivation layer is over the
uppermost of the at least one layer of interconnects. Wherein the semiconductor

chip device is vacuum sealed within a semiconductor chip device package.



Fig. 3 schematically illustrates in cross-sectional representation ' a
sanple air gap structure of a sem conductor device, having interconnects
with an upper netal line and a | ower netal plug, used with the met hod of
the present invention. 7 1 5 F E B 2006 DETAI LED DESCRI PTI ON OF THS FEB 2006
PREFERRED EMBCODI MENT Accordi ngly as shown in Fig. 1, sem conductor chip
device 10, 10" is shown within, for exanple, a first level, electronic
package 20 nade in ggf % i El i the present invention.
El ectroni ¢ package 1(ﬂfy ERiption 8§ 58 G f electronic packages
as wll be noted hereafter. Unless otherwise specified, all structures,
layers, etc. MaY¥heeh@rsRsn®RdaseanP! b Red Ryho S QRYENL thads known
inthe prior art. Fig. 2 iIIustratggga sem con%ucto((r;ﬂ%fﬁl%gg g\gif%%%lo of the
Pr esenfemibsttbiORssBAYIN dcdHanJRBS! | GhS, S32iorFi e 3
illustrates a sem condJEtgr Chll D devﬁgﬂeggirgﬁkg%ﬁ?%g%p:%eeﬂ’tore icgr:\?éﬁti on

havi ng, d M- 8feoN REEE St132 oMU er._metal line 34' and a | ower netal
plug 36". rEiirot her Sen%k%mf]%l&%% celg'gp)re é%cgeﬁfﬁ, 1N GO U ME el ®be used i n
t he

+O

accompanying drawings in which like reference numerals designate similar or

corresponding elements, regions and portions and in which:

Fig. 1T schematically illustrates in cross-sectional representation a

preferred embodiment of the present invention.

Fig. 2 schematically illustrates in cross-sectional representation a
sample air gap structure of a semiconductor device, having dual damascene

interconnects, used with the method of the present invention.

Fig. 3 schematically illustrates in cross-sectional representation a
sample air gap structure of a semiconductor device, having interconnects with an

- upper metal line and a lower metal plug, used with the method of the present

invention.



present invention as well as any other sem conductor chip device utilizing
air gap technology. As shown in Figs. 2 and 3, regardl ess of which
sem conductor chip device 10, 10" of Figs. 2 and 3, respectively, is

sel ected, the follow ng description is essentially conmmon to eaclg reg 2005 '
sem conductor chip device 10,10' so used. 8 | t FEB 2006 Each sem cond%ct or
chip device 10, 10' has starting sem conductor structure 30, 30" which is

under st ood ﬁe@ﬁm&ﬂ—é e_a _sem.conductor wafer or substrate with
‘exposed act PEMME EEERIGED EMBQINMENThe wafer. The
term"sem conductor structure" is neant to include devices forned w thin a
sem conduct or e er.s vrI i ng _t.,he wafe Afl st dielectric
| ayer (not showr&iror(%gl grj} Qsds}ﬁ)o\%? TSen 'el ﬁ%‘ﬂ&(i%SFlugttof ﬁE‘{Hﬁi’é MEGE 36) SEither a
first QH§| c t re er 40, of . 2, 0or a_first

i nter connec?‘%}ggfl ﬁ%’g%é!rllg gi 2 %lﬁe glizﬁﬁc W&rﬁafhﬁ%eafd %’é’fjﬁlmlaic% dgnee over a

vertlcallthmetall)g fﬁ&g i.s formed within the first dielectric
| ayer SRS ?PW@?%&HW ERtieTh Fleieprds Bafikage 4P &pry Beong oknown i n
‘the prior art. 8 {econnects 32, 32' contact the exposed active and/or

passi v&'§E té’BgS REOTis Rack aghsracwilhpernpted higreafter. Unless otherwise

specified, all structures, layers, etc. may be formed or accomplished by

~ conventional methods known in the prior art.

Fig. 2 illustrates a semiconductor chip device 10 of the present

invention having dual damascene interconnects 32.

Fig. 3 illustrates a semiconductor chip device 10" of the present
y invention having interconnects 32" with an upper metal line 34’ and a lower metal

plug 36".

Either semiconductor chip device 10, 10’ structure may be used in the
present invention as well as any other semlconductor chlp device utlhzmg air gap

_ technology

As shown in Figs.' 2 and 3, regardless of which semiconductor chip
device 10, 10" of Figs. 2 and 3, respéctively, is selected, the following descriptio.n‘ is

: essenti'ally common to each semiconductor chip device 10, 10" so used.




As desired a second dielectric layer (not shown) is fornmed over first

i nterconnect |ayer 40, 40' and the first dielectric layer. Again, another

| ayer of interconnects 32 or 32'. is formed, this time over the fH#lBstep 2008
| evel of interconnects. A second dual damascene interconnect |ayer 50 is
formed over first dual damascene interconnect layer 40 in formng the

sem conduct or chip device 10 of Fig. 2. A second interconnect |ayer 50
conprising a horizontal nmetal line 34" over 9 1 5 F E B 2006 a verti cal
metal plug 36" is forned over first interconnect |ayer 40" in formng the
sem conductor chip, device 10' of Fig. .3. O urse it is possible to

conbi ne dual dgg it %é&’ﬁ‘é“ifﬁf‘-ﬁ%foﬁﬂec‘%é“% th lio(ri?‘é? EGrHBS tserhemi diirter

hori zont al a% lipe qver a vertical netal plug, or visa versa.

Addi t i ﬁ‘éﬁ“‘ﬁrg;{?e @%ﬁmhi%rleéﬁsmoqr tvrRassibhhnclusiesy sesmisenduttay svademary be
formed as desired. Only two |levels of interconnects 40, 50; 40', 50' are

i |1 ust TEPEG® Kaef¥Poselacdiverand pagryes druipepencibeaprimedsiwofadeon themat eri al s
such as fsi licon oxide (Si02), for exanple, and interconnect |ayers 40,

40' ; s@atesgThenigry o serpisprHysr etructings tie meany tofioclude abqliees ©rhed materi al s
may be used as is known in the prior art. After the final dielectric and

i nt er cHHNBA samigendyctor wrivednd de jagarstovarlying the wafer.

A first dielectric layer (not shown) is formed over semiconductor
structure 30, 30". Either a first dual damascene interconnect 32 layer 40 of Fig.2,ora
first interconnect 32’ layer 40" comprising a horizontal metal lin.e 34’ over a vertical
metal plug 36’ of Fig. 3, is formed within the first dielectric layer by phoforesist
masking/patterning and etching steps as is known in the prior art. Interconnects 32,
32’ contact the exposed active and/or passive devices on the upper surface of the

wafer.

As desired a second dielectric layer (not shown) is formed over first
- interconnect layer 40, 40" and the first dielectric layer. Again, another layer 6f

interconnects 32 or 32’ is formed, this time over the first level of intercdnneéts.

A second dual damascene interconnect layer 50 is formed over first
dual damascene interconnect layer 40 in forming the semiconductor chip device 10

- of Fig. 2. A second interconnect layer 50’ comprising a horizontal metal line 34’ over



portion of the dielectric material separating interconnect |ayers 40, 40';
50, 50' (for exanple in a two interconnect |ayer sem conductor chip device
as illustrated in Figs. 2 and 3) is etched to formair filled voiglgr@Oimg
60" between interconnect |ayers 40, 40'; 50, 50" at l|east in sonme portions
of the sem conductor chip device 10, 10'. Passivation layer 70, 70" is then
formed over the structure and may corrprise silicon nitride (Si3N), for

exanpl 7 70" furth has enings 72, .72' therein
commn?gaetﬁ%g w&%w%lg ﬁggs{orgigﬁe F e er%%“neéb? d& 1gining the E B 2006

60, 60 h |en sphe such .as air.. This caonpl etes
f or mat ?%rﬁnggbég%ﬁ‘% cgl 18? Igl? ]ﬁegl @g C?Lbrsefb“ P%@F’H%Gﬁ&@&@ﬁe éhiap devi ce
10, 10' is th ack%ged Wi t h| n, for a first level electronic

Sscena SRR yFtosmmeds avwea b@flz%kwﬂdlwvem ly used

package OGAEUG
in the i nd str be used as long as the packaging can maintain the
vacuum’ r|§18 %}rﬂnﬁé Ot Hé2 ¥81%fowi ng vacuum type packagi ng may be used
‘ceram c, rubber seal, hernetic seal and netal cap. As shown in Fig. 1,

sem conductor chip devi ce 10, 10" is affixed to a support structure, such
as chip pad or lead frame 80. Chip pad 80 may be attached to |ower portion
82 of outer packiibtionalleyersefglicletisic layerrphd, intrycdreyst 86e0s motytiar

- formed as desired. Only two levels of interconnects 40, 50; 40°, 50" are illustrated
herein. Dielectric layers may be comprised of low-k materials such as silicon oxide
{Si02), for example, and interconnect layers 40, 40’; 50, 50’ may be comprised of
tungsten (W), for example. Other materials may be used as is known in the prior

- art.

After the final dielectric end intereoﬁnect layer.is formed, at least a

- portion of the dielectric material separating interconnect layers 40, 40’; 50, 507 (for
example in a two interconnect layer semiconductor chip device as illustrated in
Figs. 2 and 3) is etched to form air filled voids 60, 60° be’cween inferconnect Jayers

40, 407; 50, 50" at least in some portions of the semiconductor chip device 10, 10".
Passivation layer 70, 70" is then formed over the stfucture and may

comprise silicon nitride (Si3gN4g), for eXampIe. Passivation layer 70, 70’ furthér' has

openings 72, 72’ therein communicating with at least some of voids 60, 60°. Voids

10



such structure. Sem conductor chip device 10, 10' may be electrically
connected to other devices external to outer package structure 84 by
affixing wire bonds 88, to the bonding pads (not shown) of sem conductor
chip device 10, 10' (not shown) by solder balls 90. The other enb9dfEB200&
~ bonds 88 are affixed to lead franmes 92 which extend fromelectronic
package. 20. Upper portion 94 of outer package structure 84 is affixed to

R L Y e R S

pol ynmer s, . t her ting. ypjers or elastomers, such as, for exanple,
pl asti (Szgmlr(r% guggggllr'fp C{s}ai%ﬁ%gbh S, epoxies, polyurethanes, polyimdes,

silicone-polyimdes, parylenes, Teflon(r), ceramic netal, and conposite

pol ymers. Quter package 84 may be any of the materials used currently in

the market as long as it can keep the vacuum OQuter package structure 84

has one or nore PRGUCtat chtp deice Hhalfl i, themd packasiadc avibiing deuum i s

applied throu%fgiﬁo enings 96. For exanple, outer package structure 84 nmay
[

be pl aBMBe

a punp, for_ exanple (not shown).
packaging currently used in the industry may be used as long as the packaging can

maintain the vacuum. For example, the following vacuum typé packaging may be

used ceramic, rubber seal, hermetic seal and metal cap.

As shown in Fig. 1, semiconductor chip device 10, 10’ is affixed to a
support structure, such as chip pad or lead frame 80. Chip pad 80 may be attached
to lower portion 82 of outer package structure 84, for example, by legs 86 or other

such structure.

Semiconductor chip device 10, 10’ may be electrically connected to
other devices external to outer package structure 84 by affixing wire bonds 88, to
the bonding pads (not shown) of semiconductor chip device 10, 10’ (not shown) rby

| solder balls 90. The _other end of wire bonds 88 are affixed to iead frames -92.WhiCh

~ extend from electronic package_ 20.

Upper portion 94 of outer package structure 84 is affixed to lower

portion 82 of outer package structure 84. Upper portion 94 of outer package

11
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As a vacuumis fornmed within outer package structure 84, the air, or

anbi ent at nosphere, is preferably drawn fromvoids 60, 60" through openings
72, 72' in passivation layer 70, 70' as shown at 98 (Al so see Fi g% FERang
3). The air, or anbient atnosphere is further drawn from outer package
structure 84 through outer package structure openings 96 as shown at 100
to create a vacuumvm'thi n voi ds 60, 60" and within outer package structure
84 fror‘r%rabtou;t_, Toré iTO Torr, and or e preferably from about 10-' -
Torr to Tﬁ% or ray%oﬁf’}?@i %theirénoﬁ*ﬂﬁ?floo%o ¥Esre dheimesaiting pelyntars | ed voi ds
60, 60 remain wthin em conductor chip device 10, 10' al though

passi vgf i gﬁStngfé? F¢h 2 Orpﬁé?IBPgeollS’/laﬁ‘é%r Blsai Tegin, 7olicqs, apespect i vel y,
permttlng formation of a vacuum12 1 5 F E B 2000 wi thin voids 60, 60
when t Relvwaetbanes, polimide, silittmespdyimidepaoiealiees tTefioh®), ec@hidmdgscr i bed
above. Quter package structure openings 96 are seal ed while maintaining the

Vacuumaitd tdainfp odiedsSo ?ﬁxer@%u?é?dpé@khgé B4SealL etk Qil;ﬂ)té gfef tﬁz%g%?&?ﬁ% Lughure 84.

This conpletes the formati on of el ectronit pac € present
i nvent t@fentds Bpﬂﬁ%(?ﬁ'd&eipﬁqg s ;%Qaﬁr@&gpﬁ‘hhférm cally seal ed. For

sem conductor chi p device packages 2 at are | ow pi n-count
Outer package structure 84 has one or more openings at 96, for
example, and a source of vacuum is applied through openings 96. For example,
outer package structure 84 may be placed within a chamber (not shown)‘ upon

which a vacuum may be drawn by a pump, for example (not shown).

A; a vacuum is formed within outer package structure 84, the air, or |
- ambient atmosphere, is preferably drawn from voids 60, 60’ ﬂﬁough openings 72,

. 72in passivation layer 70, 70’ as shown at 98 (Also see Figs. 2 and 3). The air, or
ambient atmosphere is fﬁrther drawn from outer package structure 84 through
outer package structure openings 96 as shown at 100 to cfeate a vacuum within
voids 60, 60" and within outer package structure 84 from about 10° Torr to 107

~ Torr, and more preférably from about 107 Torr to 10°® Torr.

Openings 72, 72" may be sealed allowiﬁg air filled Voids 60, 60" to
‘remain within semiconductor chip device 10, 10 although passwatlon layer 70, 70’

preferably has openings 72, 72’, respectlvely, perm1ttmg formatlon of a vacuum

12




i nt egr'at ed circuit devices having a pin count |ess than about 300, the

sem conductor chip device package may be a plastic quad flat pack (PQFP),
Swi ss outline package (SOP), Swiss outline J-leaded (SQJ), small outline
integrated cifcuit (SO C), plastic |eaded chip carrier (PLCO), *hifilkBq2iai

~flat pack (TQFP), thin small outline package (TSOP), direct chip attach

printed circuit board (DCA), or a chip scal e package (CSP), for exanple.

For sem nductor @l dev acka 20 that are m d- pi n-count

i ntegr ate TR P el ﬂé{e gtrﬁ‘e@o‘tiﬁt‘mfﬁ“&ﬁﬁ Biduge 35mctwe®d0 such
mai n %%/ ache rrermry, the sem conductor chip devi ce package may
a tape TaTT" egp%’(ﬂ?ﬁge (TCP), plastic pin grid array (PPGA), ceram c pin
grid array (CPGA), or a plastic ball grid array (PB&GY), for exanmple. 13
5 F E B 2006 For higher pin count sem conductor chip device packages 20
having a pin Coh-uté gr eat er than about 500, such as application specific
integrated circu

on

as
be

1

er paskpgy) stryqiareseneinngsdibotre seaded phdlevhemtgianicpiie may be a

ceramic ball grid array (CBGA) tape ball grid array (TBGA), or netal ball
grid arMREyuIIVEGR)L vpists &k sfiphed Vﬁd;lmn\ma;ﬁdhmgier packapeuntucard eonmiigt or chip

devi ce packages 20 having a pin count of at |east about 1000, such as
per f or mamgdelent thgr firethtiinr ofiidlectronic package 20 of the present invention.

. Electronic package 20 may be hermetically sealed.

For semiconduc:ter chip device paekages 20 that are low-pin-count
integrated circuit devices haviﬁg a pin count less than about 300, the serriiconductor
chip device package may.be a plastic quad flat pack (PQFP), Swiss outline package
'(SOP), Swiss Qutline J-leaded (SOJ), small outline integi'ated circuit {SOIC), plastic
leaded chip carrier (PLCC), thin quad flat pack (TQFP), thin small outline package
{TSOP), direct chip attach on printed circuit board (DCA), or a chip scale package

(CSP), for example.

For semiconductor chip device packages 20 that are mid-pin-count

integrated circuit devices having a :pin count from abOLtt 250 to 600 such as main

| ' memory and cache memory, the semiconductor Chlp device package may be a tape
carrier package (TCP) plastic pin gnd array (PPGA) ceramic pm grid array

(CPGA), or a plastic ball grid array (PBGA), for example.

13



devi ces, the sem conductor chip device package nay be an area-array sol der-
bunped fli p-chip technol ogy package. \Watever package type is used, there
are several advantages to having a vacuumw thin voids 60, 60" (and within

out er package structure 84). One such advantage is that since a fswdﬂf?
formed wth voids 60, 60" there is less |likelihood of contam na 0 he
under |l yi ng sem conductor devices in sem conductor structure 30, 30
connected to interconnects 32, 32'. This is because there is not any

di el ectric mat erfghigkgsariacrnnt semisercbimtercthép 82yics packuyies ROayirhay e

contam nants, and there is mnimal air, or anbient atnosphere within voids
60, 60PIMAPEM gigptesltben hbvet déhsuch nanpplitdich SpdeER: 200grabRDLRenitadvant age
is that the vacuumw thin voids 60, 60 and within outer package structure
84 prolAGiEY, flerseminondnatéf ¢ipeltvianthdgngately i s sepahicothlbiridhgaiy f rom t he
sem conductor chip device and from outer package structure 84 Yet another
advant §gBGAS, tepraball gred waray (TBGA) urmatal td] §0d a8y (MBUULE Sor dgnpibnt er | ayer
di el ectric constant (k) to 1, reducing the signal propagation delays and
enhanci ng the system performance. VWile particul ar enbodi nents of the
present invention have. been

For very high pin count semiconductor chip device packages 20
having a pin count of at least about 1000, such as performance integrated circuit
devices, the semiconductor chip device package may be an area-array solder-

bumped flip-chip technology package.

Whatever package type is used, there are several advantages to

having a vacuum within voids 60, 60’ (and within outer package structure 84).

One such advantage is that since a vacuum is forméd with voids 60,
60" there is Jess likelihood of contamination of the underlying semiconductor
devices in semiconductor structure 30, 30’ connected to interconnects 32,32°. This is
because there is not any dielectric material separating interconnects 32, 32’ which
may have contaminants, and there is minimal air, or ambient atmosphere within

voids 60, 60’ which may also have contaminants

14




illustrated and described, it is not intended to Iimt the invention,
except as defined by the following clains. 15 15 F E B 2006 Clains 1. A
sem conductor chip device package conprised of- a sem conduct or: Sigsﬁté&?te
5 sem conductor devices forned on said sem conductor substrate; 2408
one dielectric layer over said sem conductor substrate; at |east one |ayer
of interconnects over said sem conductor devices and wthin said at |east
one respective di elgct iC %ayer; .at least a portion of said interconnects
bei ng separated by %?tg}?fa aingeards deatibe vagrun vethin moists &), 60t 4ret wiithin and 10
a passivation | ayer over the uppernost of said at |east one |ayer of
“ i nt er connB8E¥E ;Paﬁ%ﬁ‘%eeﬁ“f’tl%e&‘lsfgﬁf’wﬁém‘:@ arorettifficidrivdrcb giea taratissipn Saabed
within a sem conductor chip device package. 15 2. The device of claim]l1,
wher ei n sBfal frenithesrmicenstucier ghipidevice and bloayeutes packagwstpicture Sunt
integrated circuit device having a pin count |ess than about 200, and said
package is selected fromthe group conprising: plastic quad flat pack
(PQFP); Swi ss

‘ Yet another advantage is that the vacuum within voids 60, 60’ reduces

the interlayer dielectric constant (k) to 1, reducing the signal propagation delays

and enhancing the system performance.

While particular embodiments of the present invention have been
illustrated a_md described, it is not intended to limit the invention, except as defined

| by the following claims.
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outline package (SOP); Swi ss outline J-1caded (SQJ); small outline
integrated circuit (SO C); plastic |eaded chip carrier (PLCC); thin quad
flat pack (TQFP); thin small 20 outline package (TSOP); direct chip attach
on printed circuit board (DCA)-, and chip scale package (CSP). 16 1 5 FE B
2006 3. The device of claim 1, wherein said sem conductor chip deVSdeEB 2008
package is a md- pin-count integrated circuit device having a pin count
from about 250 to 600 such as nmain nenory and cache nenory, and said
package is selected fromthe group conprising: tape carrier package (TCP);
plastic pin grid array (PPGA); ceramic pin 5 grid array (CPGA); and
plastic ball grid array (PBGA). 4. fHaimevi ce of claim 1, wherein said

sem conductor chip device package is a higher-pin-count integrated circuit
devi ce having a pin count greater than about 500 such as application
specific integrated circuits (ASIC), and said package is selected 10 from

the gro ishng. ceramc ball arid arr (CBGA); tape ball grid array
(TB&A) ; ulgﬁ%g%{cgﬁh%%?ﬁ é:hglpi SV%?ngka(%aﬂ}nga%'fhe device of claiml1, wherein
sai d sem conductaor chip device package is a very- high-pin-count integrated
circuit devi GeSCHEGOIHCETSOBStERGNt of at | east about 1000 15 such as
performance integrated circuit devices, and said package is an area-array

5 semiconductor devices formed on said semiconductor substrate;
at least one dielectric layer over said semiconductor substrate;
at least one layer of interconnects over said semiconductor devices and within
said at least one respective dielectric layer; at least a portion of said interconnects
being separated by voids; said voids having a vacuum or air therein; and
10 a passivation layer over the uppermost of said at least one layer of
mterconnects;
wherein said semiconductor chip device is vacuum sealed within a semiconductor

chip device package.

15 2. The device of claim 1, wherein said semiconductor chip device package is a low-
pin-count integrated circuit device having a pin count less than about 200, and said
package is selected from the group comprising: plastic quad flat pack (PQFP); Swiss
outline package (SOP); Swiss outline J-leaded (SOJ); small outline integTafed circuit
(S01C); plastic leaded chip carrier (PLCC); thin quad flat pack (TQFP); thin small

20  outline package (TSOP); direct chip attach on printed circuit board (DCA); and chip

scale package (CSP).
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sol der - bunped flip-chip technol ogy package. 6. The device of claiml,
wherei n said passivation |ayer has openi ngs therein exposing said voids. 20
17 1 5 E E B 2006 7. The device of claim1l, wherein said interconnects are
dual damascene interconnects. 8. The device of claim1, wherein S ¢EBaiiths
having a vacuum 5 9. A sem conductor chip device package conprised of- a
sem conduct or substrate; sem conductor devices forned on said sem conductor
substrate; at |least one dielectric |ayer over said sem conduct or
substrate; 10 at |east one |ayer of interconnects over said sem conductor
devices and within said at |east one respective dielectric |ayer; at |east

a porti ch 1dfe deviee olnelaine dnmderain shidi semisemhickarechip devios gpackagsiid avoidds
having a vacuumor air therein; and a passivation |ayer over the uppernpst
of sai d fh-cheasintéppgel 2y hit Aevice Ha@THONPRCESInt from about 250 to 600 such as

main memory and cache memory, and said package is selected from the group

comprising: tape carrier package (TCP); plastic pin grid array (PPGA); ceramic pin

5  grid array (CPGA); and plastic ball grid array (PBGA).

4. The device of claim 1, wherein said semiconductor chip device package is a
higher-pin-count integrated circuit device having a pin count greater than about 500
such as application specific integrated circuits (ASIC), and said package is selected
10 from the group comprising: cefamic ball grid array (CBGA); tape ball grid array

(TBGA); and metal ball grid array (MBGA).

5. The device of claim 1, wherein said semiconductor chip device package is a very-
high-pin-count integrated circuit device having a pin count of at least about 1000
15 such as performance integrated circuit devices, and said package is an area-array

| solder-bumped flip-chip technology package.

6. The device of claim 1, wherein said passivation layer has openings therein
exposing said voids.
20
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15 wherein said sem conductor chip device is vacuum sealed within a package
and is electrically connected to | ead franmes extending from sai d package
to forma sem conductor chip device package. 10. The device of ﬁ|5ai’Eb92D!]6
wherein said sem conductor chip device package is a | ow pin-count
integrated circuit device having a pin count |ess than about 200, and said
package is selected fromthe group conprising: plastic quad flat pack
(PQFP); Swiss 18 1 5 F E13 2006 5 outline package (SOP); Swi ss outline
J-leaded (SQJ); snmall outline integrated circuit (SO C); plastic |eaded
chip carrier (PLCC); thin quad flat pack (TQFP); thin small outline
package {.TSbe) dediceeof clairp & twbéreon sard ninestcaninectsi tarboduad (BBAFcenand chi p
scal e package (CSP). 10 11. The device of claim9, wherein said

sem condugh-&inriehisp devi ce package is a md- pin-count integrated circuit
devi ce having a pin count from about 250 to 600 such as nmain nenory and
cache nenory, and said package is selected fromthe group conprising: tape
carrier package (TCP); plastic pin grid array (PPG); ceramc pin grid
array (CPGA); and plastic ball_grid array (PBGY). 15 12. The device of

cl ai m 9,8-vifgrdeviresdicdpize hi wagrdincaist veids pavdiagiacucpamkage i s a

5
9. A semiconductor chip device package comprised of:
a semiconductor substrate;
semiconductor devices formed on said semiconductor substrate;
at least one dielectric layer over said semiconductor substrate;
10 at least one layer of interconnects over said semiconductor devices and within

said at least one respective dielectric layer; at least a portion of said interconnects
being separated by voids; said voids having a vacuum or air therein; and
a passivation layer over the uppermost of said at least one layer of
interconnects;
15 wherein said semiconductor chip device is vacuum sealed within a package and is
. electrically connected to lead frames extending from said package to form a

semiconductor chip device package.

10. The device of claim 9, wherein said semiconductor chip device package is a low-
pin-count integrated circuit device having a pin count less than about 200, and said

- package is selected from the group comprising: plastic quad flat pack (PQFP); Swiss

18




hi gher - pi n-count integrated circuit device having a pin count greater than
about 500 such as application specific integrated circuits (ASIC), and
sai d package is selected fromthe group conprising: ceramc ball, g;éﬁa
array (CBGA); tape ball grid array 20 (TB&); and netal ball grlh r &mﬁ
(MB&GA). 13. The device of claim9, wherein said sem conductor chip device
package is a very- high-pin-count integrated circuit device having a pin
count of at |east about 1000 such as performance integrated circuit
devi ces, and said package is an area-array 2.5 solder-bunped flip-chip
t echnol ogy package. 19 15FEB2906 14. The device of claim9, wherein said
passidvatowhn¢ pyakagh £SO8pchwisg vutlivereleadedk (¥ENngmaHicnthins dgegra@d kiccuifhe
device of claim9, wherein said interconnects are dual danmascene

i nter comssen?jf plhbtic Téaaeai%mp]g@aﬂter ¢PRED) %hlquaﬁ& it pakid (YOFDS, My bﬁhﬁlla

vacuum A net hod of fabricating”a packaged Sem conductor chip
devi ce. SOMRL bidfe (FS0PS &P Ship AN oHl fitnBa HHA WAFLSEAT BRI L3

scale package (CSP).

10 11. The device of claim 9, wherein said semiconductor chip device package is a mid-
pin-count integrated cirpuit device having a pin count from about 250 to 600 such as
main memory and cache memory, and said package is selected from the group
comprising: tape carrier package (TCP); plastic pin grid array (PPGA); ceramic pin
grid array (CPGA); and plastic ball grid array (PBGA).

15
12. The device of claim 9, wherein said semiconductor chip device package is a
higher-pin-count integrated circuit device having a pin count greater than about 500
such as application specific integrated circuits (ASIC), and said package is selected
from the group comprising: ceramic ball grid array (CBGA); tape ball grid array

20 (TBGA); and metal ball grid array (MBGA).

13. The device of claim 9, wherein said semiconductor chip device package is a very-
high-pin-count integrated circuit device having a pin count of at least about 1000
such as performance integrated circuit devices, and said package is an area-array

25  solder-bumped flip-chip technology package.

19



form ng sem conductor devices on said sem conductor substrate; 40 formng
a dielectric layer over said sem conductor substrate; formng at |east one
| ayer of interconnects over said sem conductor devices and within_ said
dielectric layer so that at |east a portion of said interconnects!af&B 2006
separated by voids; form ng a passivation |ayer over the uppernost of said
at |l east one layer of 45 interconnects to forma sem conductor chip; 20 1
5 F F B 2006 affixing said sem conductor chip to a support structure within
an encl osed package franme having gases therein; w thdraw ng sai d gases
fromsaid encl osed package frame creating a vacuum w thin said voids of
said chip interconnects; and 50 sealing said encl osed package frane to
create a sem conductor chip device package while maintaining said vacuum
Wi thin spf drNQiddsiceVbRLRiM 5aiwhePaN GNPtk iR ek hataghunmaelepdnWi t hin
sai d sem conductor chip device package and is eléectrically connected to

| ead franmes extending fromsaid sem conductor chip device package. 18. The
met hod ofPOFRENFE7 O Mer ei n sai d seni conduct or chi p device package is a

30 15. The device of claim 9, wherein said interconnects are dual damascene

interconnects.

16. The device of claim 9, wherein said voids having a vacuum.

> 17. A method of fabricating a packaged semiconductor chip device, comprising the
steps of:
| providing a semiconductor substrate;
forming semiconductor devices on said semiconductor substrate;
40 forming a dielectric layer over said semiconductor substrate;

forming at least one layer of interconnects over said semiconductor devices

and within said dielectric layer so that at least a portion of said interconnects are
se;parated by voids;

- forming a passivation layer over the uppermost of said at least one layer of

45  interconnects to form a semiconductor chip;
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| ow- pi n-count integrated circuit device having a pin count |ess than about
300, and said package is selected fromthe group conprising: plastic quad
flat pack (PQFP); Swi ss outline package (SOP); Swi ss outline J-I ﬁasdpgg 2008
(SAQJ); small outline integrated circuit (SO C); plastic | eaded chip
carrier (PLCC); thin quad flat pack (TQFP); thin small outline package
(TSOP); direct chip attach on printed circuit board (DCA); and chip scale
package (CSP). 19. The nethod of claim 17, wherein said sem conductor chip
devi ce package is a md-pin-count integrated circuit device having a pin
count from about 250 to 600 such as Main nmenory and cache nenory, and said
package i s sdfBsingdsdid Gemtitenddeta)l GhipEB 260 orty stugiuoo mpthiis iangendlaged
carrier package (TCP); plastic pin grid array (PP&G); ceramc pin grid

array (GhfeRhge RAfheMadfld gasb@ltergni d array (PBGA). 20. The nethod of claim
17, wherein Said sem conductor chip device package is a higher-pin-count

integrated circuit device havi a _pin_coun reat er than about 500 such
2s appl i cati ok abaRife il it Afitdd Pafifiel piRls Home Slafoe Bvekigm T
sel ected fromthe group conprising: ceramc ball grid array (CB&G); tape
bal | griWithirsayd veripghyaid ghip meareonnegiss agdi d array (MBGA). 21. The net hod
of claim17, wherein said sem conductor chip device package is a
50 sealing said enclosed package frame to create a semiconductor chip device
package while maintaining said vacuum within said voids;
wherein said semiconductor chip is vacuum sealed within said semiconductor chip

device package and is electrically connected to lead frames extending from said

semiconductor chip device package.

18. The method of claim 17, wherein said semiconductor chip device package is a
low-pin-count integrated circuit device having a pin count less than about 300,

and said package is selected from the group comprising: plastic quad flat pack
(PQFP); Swiss outline package (SOP); Swiss outline J-leaded (SOJ); small outline
integrated circuit (SOIC); plastic leaded chip carrier (PLCC); thin quad flat pack
(TQFP); thin small outline package (TSOP); direct chip attach on printed circuit

board (DCA); and chip scale package (CSP).

19. The method of claim 17, wherein said semiconductor chip device package is a
mid-pin-count integrated circuit device having a pin count from about 250 to 600

such as main memory and cache memory, and said package is selected from the
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very-hi gh-pin-count integrated circuit device having a pin count of at

| east about 1000 such as performance integrated circuit devices, and said
package is an area- array sol der-bunped flip-chip technol ogy packagerr32s
The nmet hod of claim 17, wherein said passivation |ayer has openings tEer ern
comuni cating with said voids between said chip interconnects. 23. The

met hod of claim 17, wherein said passivation | ayer has openings therein
comuni cating with said voids between said chip interconnects, and said
vacuumin said voids is created by form ng a vacuum over said

sem conductor chip device and 22 1 5 FEB 2006 wi t hdrawi ng sai d gasses from
sai d voigioup heaupyiisisgi thnsassirnieat paskaga(dCRp etastigs pirc rgeiat argy a(REEAYmM i n
said voids. 24. The nethod of claim 17, wherein said interconnects are dual

damas cengramicgfia Qridasts: ((HGAThadPisiRbat orid ardy fﬂBGm,er ein said

i nterconnects conprise an upper netal line and a [ ower netal plug. 26. The
met hod of claim 17, wherein said chip is electrically connected to | ead
frames extruding fromsaid encl osed package frame. 27. A nethod of

fabricati ngra packaged sem conductor chip device, conprising the
20. The method of claim 17, wherein said semiconductor chip device package is a

- higher-pin-count integrated circuit device having a pin count greater than about 500
such as application specific integrated circuits (ASIC), and said package is selected
from the group comprising: ceramic ball grid array (CBGA); tape ball grid array

(TBGA); and metal ball grid array (MBGA).

21. The method of claim 17, wherein said semiconductor chip device package is a
very-high-pin-count integrated circuit device having a pin count of at least about
1000 such as performance integrated circuit devices, and said package is an area-

array solder-bumped flip-chip technology package.

22. The method of claim 17, wherein said passivation layer has openings therein

communicating with said voids between said chip interconnects.
23. The method of claim 17, wherein said passivation layer has openings therein

communicating with said voids between said chip interconnects, and said vacuum in

- said voids 1s created by forming a vacuum over satd semiconductor chip device and
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steps of providing a sem conductor substrate; form ng sem conductor devices
on said sem conductor substrate; formng a dielectric |ayer over said

sem conductor substrate; form ng at | east one |ayer of interconneqé over
sai d semi conductor devices and within said dielectric layer so th gF@BZWB
| east a portion of said interconnects are separated by voids; 23 1 5 FEB
2006 form ng a passivation |ayer over the uppernost of said at |east one

| ayer of 10 interconnects to forma sem conductor chip; wherein said

passi vation | ayer has openings therein comunicating with said voids
between said chip interconnects; affixing said sem conductor chip to a
suppor t withdrewing seadt gissesafroanshidseeids phrokghesaid passivaitonpygasesningsr ei n;

wi t hdrawi ng said gases from said encl osed package frane creating a vacuum

15 wi t higiefintigth Vathulltn Bf saS@¥8idghi p i nterconnects; and sealing said encl osed
package frame to create a sem conductor chip device package while

mai ntai ning said vacuumw thin said voids; wherein said sem conductor chip
is vacuum seal ed within said sem conductor chip

24. The method of claim 17, wherein said interconnects are dual damascene

interconnects.

25. The method of claim 17, wherein said interconnects comprise an upper metal line

and a lower metal plug.

26. The method of claim 17, wherein said chip is electrically connected to lead

frames extruding from said enclosed package frame.

27. A method of fabricating a packaged semiconductor chip device, comprising the
steps of:
providing a semiconductor substrate;
forming semiconductor devices on said semiconductor substrate;
5 forming a dielectric layer over said semiconductor substrate;
forming at least one layer of interconnects over said semiconductor devices
and within said dielectric layer so that at least a portion of said interconnects are

separated by voids;
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devi ce package and is electrically connected to |lead franes extending from
said 20 sem conductor chip device package. 28. The nmethod of claim 27,
wherein said sem conductor chip device package is a | ow pin-count
integrated circuit device having a pin count |ess than about 300, ar‘ﬁnggi@s
package is selected fromthe group conprising: plastic quad flat pack
(PQFP); Swiss outline package (SOP); Swiss outline J-leaded (SQJ); snall
outline integrated circuit (SO C); plastic |eaded chip carrier (PLCO);
thin quad flat pack (TQFP); thin small outline package (TSOP); direct chip
attach on printed circuit board (DCA); and chip scale package (CSP). 24
15FEB2006 29.fofthmgne pheuivasfonclaxenpPat, thahgypermostadpfisase rmt deast voe dayearhifp

devi ce package is a md-pin-count integrated circuit device having a pin

coungy f rigferéhRiebts2RP féh 60 QeditoRdudor NEHIP, WBRRIY A padGRidE MYy hAand_said
package is selected fromthe group conprising: tape carrier pdckage (TCP);

Dot B Bt SR e ST BB o 31 B e P o'

sem conductor chip device package is a higher-pin-count integrated circuit
devi ce havi ngilxiggnsatd samigpneacer ahigano gbeuppBhEtrueiytsh valhimmpl ercdededn
specific integrated circuits (ASIC), and said package is sel ected

package frame having gases therein;
withdrawing said gases from said enclosed package frame creating a vacuum
15  within said voids of said chip interconnects; and
sealing said enclosed package frame to create a semiconductor chip device
package while maintaining said vacuum within said voids;
wherein said semiconductor chip is vacuum sealed within said semiconductor chip
device package and is electrically connected to lead frames extending from said

20 semiconductor chip device package.

28. The method of claim 27, wherein said semiconductor chip device package is a low-
pin-count integrated circuit device having a pin count less than about 300, and said
package 1s selected from the group comprising: plastic quad flat pack (PQFP); Swiss
outline package (SOP); Swiss outline J-leaded (SOJ); small outline integrated circuit
(SOIC); plastic leaded chip carrier (PLCC); thin quad flat pack (TQFP); thin small
outline package (TSOP); direct chip attach on printed circuit board (DCA); and chip

scale package (CSP).
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fromthe group conprising: ceramc ball grid array (CBGA); tape ball grid
array (TB&A); and netal ball grid array (MBGA). .31. The nethod of claim
27, wherein said sem conductor chip device package is a 15 FEB 2006
very-hi gh-pin-count integrated circuit device having a pin count of at

| east about 1000 such as performance integrated circuit devices, and said
package is an area-array sol der-bunped flip-chip technol ogy package. 32.
The net hod of claim 27, wherein said passivation |ayer has openings therein
comuni cating with said voids between said chip interconnects, and said
vacuumin said voids is created by form ng a vacuum over said

sem conductor chip device and 25 1 5 F E B 2006 w t hdraw ng sai d gasses
from said voids through said passivation |ayer openings, creating a vacuum

i n sai d2yoTrHe méBod Drec1a®E P9d vfer&hadaid ggmxdﬁfﬂﬁﬁ&bf‘ cBRY editd mﬁ%@l&@@eﬁtas are
dual danmascene interconnects. 34. The nethod of claim 27, erein said

|nterconn cts ¢ a i ne .and oWer, The
o oA o BT PR e Bl B SR e P AP S Lt
frames extruding from said encl osed package frame.

as main memory and cache memory, and said package is selected from the group

comprising: tape carrier package (TCP); plastic pin grid array (PPGA); ceramic pin

grid array (CPGA); and plastic ball grid array (PBGA).

30. The method of claim 27, wherein said semiconductor chip device package is a
higher-pin-count integrated circuit device having a pin count greater than about 500
such as application specific integrated circuits (ASIC), and said package is selected
“from the group comprising: ceramic ball grid array (CBGA); tape ball grid array

(TBGA); and metal ball grid array (MBGA).

31. The method of claim 27, wherein said semiconductor chip device package is a
very-high-pin-count integrated circuit device having a pin count of at least about 1000
such as performance integrated circuit devices, and said package is an area-array

solder-bumped flip-chip technology package.

32. The method of claim 27, wherein said passivation layer has openings therein
communicating with said voids between said chip interconnects, and said vacuum in

said voids is created by forming a vacuum over said semiconductor chip device and
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15 FEB 2006

withdrawing said gasses from said voids through said passivation layer openings,

creating a vacuum in said voids.

33. The method of claim 27, wherein said interconnects are dual damascene

interconnects.

34. The method of claim 27, wherein said interconnects comprise an upper metal line

and a lower metal plug.

35. The method of claim 27, wherein said chip is electrically connected to lead frames

extruding from said enclosed package frame.
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